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ABSTRACT

This experiment was conducted to study the effects of superabsorbent on the performance on yield, yield components
and some of physiological characteristic of corn under drought stress conditions. Experimental design was split plot
in form of randomize complete block design (RCBD) with three replication in Birjand Azad university farm.
Irrigation treatments with three levels (100, 70 and 40 percent of plant water needs) where chosen as the main plot
and the Superabsorbent with four levels (0, 35, 70 and 105 kg per hectare) where chosen subplots. Result show that
the highest seed yield (579.58 g/m2) was related to the optimum irrigation treatment (100 percent plant waters
need) and 105 kg Superabsorbent per hectare and the least seed yield (8.17 g/ m2) was related to intensive stress
treatment (40 percent plant waters need) and the control treatment (lack of Superabsorbent). Drought stress had a
positive and significant effect on the amount and efficiency of the Photosynthetic matter the remobilization and also
on the portion of remobilization in seed yield, but the Superabsorbent with a positive effect on the physiological
characters of corn had a negative and significant effect on the amount and efficiency of Photosynthetic matter
remobilization and the portion of remobilization in seed yield.
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INTRODUCTION

Aridity is one of the main worldwide issues in giag crops, especially in arid and semi-arid paftshe world
such as in Iran [25]. According to the researcteproduce 1 kg of corn’s dry matter, 368 litefsvater is needed,
while this need for sorghum is 332 liters, for baris 434 liters, and for wheat is 514 liters [8].

Superabsorbent polymers are made of hydrocarbossel materials absorb and maintain water to 10 tima®
than their own weight, and as the environment ddets the water inside the polymer starts to comt and
therefore the soil will remain wet without any ne&fdre-irrigation [13, 21, 25].The application afperabsorbent
polymers on farms, increases the water conservatisnil, decreases water consumption, and prethentertilizer
from being washed away by irrigation water [17, 6].

Corn plant, like many other crops, has the abtlitydecrease performance by increasing the retnan$feserved
materials to the maize during occurrence of difietensions like water shortages. The potentidhisf retransfer,
which is favorable physiological index, depends difierent factors such as genotype, density, ared whater
shortage tension intensity [22]. During the sedith§ phase due to transfer of food to the seedsinarease in
growth intercepting hormones, an increase in rafiabscisic acid to cytokinins in leaves, a deczess leaf
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strength, an increase in the death of plant tisshesfalling of lower bush leaves, increasing negjwn speed due
to shadowing and reducing light, decreasing theimctation of dry matter, and increasing the retienm plant

are observed [1, 2, 7, 9, 23]. According to therenir reports, the share of stored materials refgarzefore

flowering on corn seed performance in differentditans is between 0 to 90 percent and is repdddae 20 to 40
percents in average [22]. The results from kaRl., [22] experiment on this subject show that theoamt of dry

matter retransfer is significantly affected by deypsion and the maximum amount of transfer wagseeléo mild

aridity treatment with 164.42 g. The objective biStpaper was to examine whether the superabsoibaiie to

increase the performance during dry tensions bplgup some part of plant’s water and food requieais.

MATERIALSAND METHODS

This study was conducted in summer of 2009 on tipe@mental farm of Birjand Azad Islamic Univers{y7° 46’
to 60° 57’ eastern longitude and 30° 35’ to 34° ddithern latitude, the average rainfall in hot anttl seasons 0.1
ml and 95.1 ml, respectively; with warm and dry thea located at east of Iran), with split plots esiment design
as a complete random block with three replicatidie irrigation treatment was considered in thexels (40, 70,
and 100 percent need of irrigation) as the maibgohol amounts of superabsorbent in four level8%0.75, and 105
kg/ha) as ancillary plots. The properties of supsogbent are presented in table 1. The plant’srwatgpirements
were determined based on FAO method and by apptiimgan evaporation data [15].

Table 1: The A200 superabsorbent material properties

Colour White

Particle size 30-100 pm
Moisture content 3-5%

Density 1.4-1.5 g/cm
Acidity 6-7

Minimum soluble particle (weight percentage) 1-2
Practical absorption of 0.9% sodium chloride sallitson | 45 g/g
Practical absorption of city water 190-550 g/l
Practical absorption of distilled water 220-660 g/g

At the time of physiological maturity of seeds,stlié determined with the formation of a black lagethe basis of
the seed, the final harvest is performed. During fihal harvest, 15 bushes were cut from soil frive middle

section of each plot and the total weight of thezmaseeds weight, seed performance, number of amadsumber
of seeds in each row, weight of 1000 seeds, stameter, and harvest index were determined. In dodeetermine
the weight of 1000 seeds, 5 samples of each cangai®00 seeds were randomly selected from theraggshseeds
from maize and weighed. To determine the amoueffafiency and retransfer share of photosynthetidemals on

seed performance the following equation was appieit

Remobilization amount (g/fh= dry weight of growth organs during tasselinagst (g/m) — dry weight of growth
organs during maturity (g/n

Remobilization efficiency = retransfer amount (§/ni dry weight of growth organs during tasselitage (g/rf)

Remobilization share on seed performance (percen{Remobilization amount (g/fh / seed performance
(g/n?)]*100

In order to determine the dry weight, harvestedasmwere held for 24h in an air conditioned ove@%C and
weighed. The relative moisture content of the leaé day prior to irrigation in corn leaf was measuduring 8-
9am [10, 11]. The chlorophyll index was measurddgia chlorophyll meter (SPAD-502, KONICA MINOLT A
three different parts of the leaf including begimmimiddle, and end and in three bushes from elathgmnd then the
average amount for each plot was recorded [18wBigpdegree day (GDD) was calculated using equdtign

GDD - (Tmax ;Tmin ) _ B (1)

Tmax @and Tyin are maximum and minimum daily temperatures, raspdyg, and B is the base temperature which is
considered as 10°C [4]. The data were analyzedyusikS 9.1 and SPSS 14 software. The figures wsredihwn
using SPSS and Excel software. In order to comiperéreatments averages, the Duncan method atdé&8b was
applied.
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RESULTS

The dry tension had a positive and significantaffn retransfer of photosynthetic materials (Tdble The results
show that the amounts of photosynthetic matermatsobilization for favorable irrigation, medium dmgnsion, and
intensive dry tension treatments were 57.88, 102108 101.08 g/frespectively, i.e. the amount of photosynthetic
materials retransfer increased by 43.8% for mediuyntension and by 42.7% for intensive dry tensiomparing

to favorable irrigation treatment (Table 2). The tension had a positive and significant effectremobilization
efficiency of photosynthetic materials (Table 1heTremobilization efficiency of photosynthetic mé&its shows
the ratio of remobilization dry matters to reserdgeg matters, which under medium and intensivetdngions, and
favorable irrigation was 0.18, 0.13, and 0.05, eetipely (Table 2).

The dry tension had a positive and significant affen remobilization share of photosynthetic materin seed
performance (Table 1). The remobilization shar@ldtosynthetic materials in seed performance, uidensive
and medium dry tensions, and favorable irrigaticas i 7.66, 13.20, and 5.12 which showed that intrgabe
intensity of dry tension, increases the share sémeesd photosynthetic materials in seed performéhable 2).

The superabsorbent had a significant effect on bdimation amount of photosynthetic materials (Teatl).
Remobilization amounts of photosynthetic materials the main treatment with 35, 75, and 105 kg of
superabsorbent per hectare, were 136.42, 74.3845and 82.77 g/frespectively, and there was a significant
difference between the main treatments and othatrtrents (Table 4).

The superabsorbent decreased the remobilizatiar gtigphotosynthetic materials in seed performgiiable 1).
The remobilization shares of photosynthetic makeiii seed performance for main treatment with7dg,and 105
kg of superabsorbent per hectare, were 20.34, 10.28, and 9.47 percent, respectively (Table 4).

DISCUSSION

The dry tension causes a decrease in leaf area amtktherefore in CGR (Table 2). Thus, the amaodidry matter
accumulation in reserving organs and also the @lyotbesis during the filling phase of seed is desed and in
order to supply the destination need, the plans tise stored materials in stem and leaves. Inetkieriment, the
retransfer amount of photosynthetic materials &mofable irrigation treatment was decreased comdparenedium
and intensive tensions due to high level of phatdsssis during filling phase of seed, which showed increasing
the leaf area and therefore increasing the growded of the product causes a decrease in retraasieunt of
photosynthetic materials (Figure 1).
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Figure 1. M oderate the relationship between LAI and CGR with the Remobilization
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Table 1 — Results of variance analysis

Source d.f  Re-transmission Remobilization Contribution of LAl in the CGR in the
rate (g/m) efficiency remobilization peak week peak
week
in yield (%)
Block 2 268"3 0.000% 5.77 0.13 87
Irrigation (A) 2 78284 0.05 484.54 5.42
1047.58
Error (a) 4 47.6 0.00005 0.49 0.67
17.59
Superabsorbent (B) 3 107712 0.029 286.22 0.69
73.96"
A*B 6 1600.17 "™ 0.004"™ 41.59"™ 0.18™
5.83"™
Error (b) 18 1156.9 0.002 21.06 0.13 3.6
Coefficient of 38.93 38.25 38.26 10.85
8.3

variation (%)

ns,not significant; * significant at 0.05 probdtyilevel; ** significant at 0.01 probability level.

Table 2 - Effect of different irriga levels on re-transmit, re-transmission efficigrthe contribution of
remobilization in yield and leakarindex and crop growth rate during the peak fegdn corn
varieties 704

Traits Re-transmission Remobilization Contribution of LAl in the CGR in the
Wat Rate(g/m?) Efficiency remobilization peak week peak week
levels in yield (%)
Optimal irrigation | 57.882 0.05° 5.12° 4.08° 32.43°
(100%)
Moderate  stresk 103.092 0.3 13.2 3.1% 22.38
(70%)
Severe stress 101.08° 0.18° 17.66° 2.77° 13.76°
(40%)

Means followed by the same letter(s) in a column are ststistically non-significant at 5% level of probability.
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Table 3: Pearson correlation coefficients betweelt yand someharacteristicsin testing the effectdifferent levels of water
stress in corn varieties 704 angerabsorben

Traits 1 2 3 4 5 6 7 8 9
Yield 1

WUE 0.965** 1

mean LAl during 0.880 0.833* 1

the growing season

Average crop growth rate

( during the growing season) 0.958 0.899* 0 .902* 1

Average shoot dry weight

(during the growing season) 0.989  0.888* 0.966&* 0.96% 1

Re-transmission -0.465**  -0.439** -0.458** -0.452*  -0.523* 1

Remobilization -0.696 -0.689** -0.632** -0.703*  -0.746**  0.910** 1

Efficiency

Contribution of

remobilization -0.484  -0.585** -0.36* -0.456**  -0.484* 0.548** 0.721** 1

in yield (%)

Average chlorophyll 0.909 0.876 0.676* 0.92% 0.937* -0.48%* -0.704* -0.559* 1

(grain filling stage)

* significant at 0.05 probability levet* significant at 0.01 probability level.

Table 4 - Effect of different leveRiperabsorben on this transfer, the efficiency of retransmissite, retransmission of the yield and leaf
area index and crop growth rate during the peattifigeon corn varieties 704

Trait Re-transmission Remobilization Contribution of LAlin the CGR ina
Rate(g/m?2) Efficiency remobilization peak week peak week
in yield (%)
Superabsorbent
levels

Control (lack Of 136.42 a 0.2a 20.34 a 3.05b 19.14 ¢
Superabsorben)
Superabsorben(35kg/h) 74.38 b 0.1b 10.19b 3.31b 22.39b
Superabsorben(75kg/h) 55.84b 0.08 b 7.98b 3.27b 23.99b
Superabsorben(105ka/) [ g5 57 0.09 b 9.47b 3.72a 25.91 2

Means followed by the same letter(s) in a column are ststistically non-significant at 5% level of probability.

There is a negative and significant correlatiorr (¥0.458) between leaf area index during growthasea and
retransfer amount of photosynthetic materials dsd laetween the average crop growth speed durimgtgrseason
and retransfer amount of photosynthetic materiads-0.452) (Table 3). These results and conclisare similar to
the reports of other researchers [5, 12, 19, 2@hstlering that the transferring of dry mattersasried out from
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both leaf and stem, therefore under dry tensionrgh@nsfer from leaves is increased and weakenke#f. The dry
tension during the filling phase of seed can leadarly death of leaves due to food transfer freavés [24]. Chau
and Bahargava [14] reported that the leaf areagtineand dry matter accumulation after floweringgd have a
positive and significant correlation with seed pemfance and by increasing photosynthetic activitthese phases,
increases the dry matter accumulation and seedrpafice. Sharma-Natu and Ghildiyal [16] reportexd the high
growth rate of crop causes a decrease in retran$fgnotosynthetic materials and consequently ases the leaf
area strength. Probably, the superabsorbent iresehe leaf area strength and current photosystlsbsire and
decreases the stored dry matters in seed produmtidrtherefore decreases the ratio of the tramsfairy matter to
stored dry matter. It appears that superabsorbéhtits positive and significant effect on amourfitstem’s dry
matter and current photosynthesis of plant was &bliecrease the retransfer share of photosynthessisrials in
seed performance and therefore significantly dee®dhe retransfer share of photosynthesis maanaseed
performance. Goush and Singh [1] reported thaetier close and positive relationship between growth rate
and leaf area index and seed performance. Bestdesmaximum seed performance is companied with the
equilibrium between start and destination, so thatould cause accumulation of dry matter in stemst, the
depletion of dry matter from stems during the skiédg phase. Therefore, the increasing of stenigheand also
decreasing the transfer amount of photosynthetierniads lead to an increase in seed performanceoriing to the
positive and significant effect of superabsorbent ahlorophyll index, and the positive and the digant
correlation (r = 0.909) of the average chloroplwtiex during growth season with seed performan@agypears that
the superabsorbent increases the duration of lighge and the current photosynthesis, and therkfodecreasing
the retransfer from leaves and chlorophyll destouctincreases the leaf area strength that leadsgioer seed
performance. Figure (1) shows that increasing mefea of photosynthesis materials causes a reduatigplant’s
chlorophyll index during the seed filling phasetloé experiment. The leaf area strength from thennétg of ear
shoot emergence to maturity phase could be theozippate representative of seed performance, bedheskeaf
area strength in this stage has a close relatidth plhiotosynthetic and dry matter accumulation ad@lso a
production index [3]. Brevedan and Egli [20] statkdt during dry tension, increasing nitrogen tfanfom leaves
leads to chlorophyll content. Along with this camgibn, in this study, a negative and significantreation (r = -
0.481) was observed between retransfer amount @bpinthetic materials and average chlorophyll xndering
seed filling phase (Table 3).

By decreasing the relative moisture content duednp tension, the porosities are closed and lim& ©G,

availability for plant which decreases the leafocbphyll index and light usage efficiency and thmoant of

photosynthesis. The low level of photosynthesis amh@auses the maldevelopment leaf area and desreg
matter accumulation per area unit. In total, thizetors decrease the leaf area strength and pw®gmthesis
amount during seed filling phase and consequentyease the retransfer amount of photosynthetieniadg to
seed. It seems that, under such conditions, therabporbent by positively affecting the chloropligtiex, leaf area
index, and crop growth rate, causes an increapladtosynthetic materials accumulation in growthamsgyand also
increase the leaf area strength during see filihgse, and therefore the superabsorbent has aveegéect on
photosynthetic materials remobilization amounticefhcy and the share.
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